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Abstract  
Simulation of GOCE (Gravity Field and Steady-State Ocean Circulation Explorer) orbit data was made on STK 
(Satellite Tools Kit) before smoothed by wavelet analysis. Orbit calculation of GOCE was made through Gauss 
method. Then, the earth’s dynamic ellipticity i.e. J2 was calculated based on the trends of the RAAN (Right 
Ascension of Ascending Node). Finally, the absolute (-7.36914287408010e-06) and relative (0.68%) precision were 
given with respect to the value shown in IERS2003, which show that the method is effective in the determination of 
J2 and could be referred for actual data processing. 
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1.  Introduction 
Artificial satellite is mainly affected by the earth gravity field when moving in the space, of which 
geocentric attraction and many other perturbing forces such as non-globular gravity of the earth, 
gravitation of the sun and moon, atmospheric drag, solar pressure, tidal perturbation and so on (LUO, 
2009). Among all of the perturbations mentioned above, non-globular gravity of the earth is the main 
factor, in which the earth’s dynamic ellipticity dominates the long term changes of the satellite orbit 
(XIANG, 2007). That is to say, in the research of the motion status of the artificial satellite in space, the 
value of J2 must be determined with a proper precision. Traditionally, it is obtained through SLR 
(Satellite Laser Ranging) technique. Now, with the rapid development of space and satellite techniques, 
more methods are taken into account to manage such a job. 
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As a new gravity satellite project, the designed orbital elevation of GOCE is about 280 kilometers, 
which is lower than that of the GRACE (Gravity Recovery and Climate Experiment). Then, it is more 
sensitive to the earth gravity field than GRACE (LI, 2005). Based on the simulated GOCE orbit data 
from STK (Satellite Tools Kit), we could find the changing trends of certain orbital element, from which 
we are seeking ways to get the subject of this paper, i.e., the value of the dynamic ellipticity of the earth.  
2. Mathematic Foundation and Basic Theory 
2.1 Simulation of the GOCE Orbit Data 
As we know, STK is a powerful tool for astronomic and other related researchers, which provides 
varieties of simulation and many other explorer designs. Here, we set the classical orbital elements as 
preliminary orbit in the tool. Then, the perturbations mentioned above were added in the force transition 
model. Then, we could get the orbit data at the format that we need from data report of the tool. In the 
configuration of the satellite orbit, we took the gravity model EGM96 into account to provide the 
geocentric attraction of the satellite. The model degree as well as the order is 70. Other perturbations 
were set according to general settings. Finally, the simulation data was obtained for further analysis. 
2.2 Introduction of the Wavelet Filter 
In order to obtain a more precise set of orbit data, noise filtering is needed. In this paper, taking the 
characteristic of the orbit data and wavelet analysis, we considered that wavelet should be used in the 
smoothness of the orbit data before the further calculations. As the data processing of the three axial 
directions are the same, in this paper, we took the X-axis data as an example to show the orbit data 
analysis. 
Due to the characteristics of the wavelet analysis theory, the main processing is listed below. Firstly, 
the whole signal was divided into various sub-signals at different frequencies. Then, the sub-signals were 
analyzed separately in their own frequent domain. Finally, the sub-signals were combined to recover the 
original one (LIU, 2010).  
Here, the basic noise model of a polluted signal ( )s n  from an original signal ( )f n  is  
( ) ( ) ( )s n f n e nV   (1) 
where, ( )e n  is gauss white noise series, V is the intensity of the noise. Let 1V  , the purpose of wavelet 
processing is to constrain ( )e n while recovering ( )f n . 
According to the smooth principles of the wavelet, of which the steps are shown in detail.  
1) Decomposition part was executed with the determination of wavelet base. Here, ‘db2’ was chosen 
to decompose the signal into tree sub-signals. 
2) Threshold selection part was made following the former step. Thresholds were determined for the 
coefficients of each level obtained from the former step. Then, detailed coefficients were processed with 
soft threshold determined by heuristic SURE method, which was of vital importance in the denoising of 
data.  
3) Signal reconstruction part was the last to be performed from the smoothed wavelet coefficients to 
reconstruct the original signal.  
After the above three steps, the denoising of orbit data was successfully made.  
2.3 Orbit Calculation 
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According to the characteristics of the theme in this paper, we adopted Gauss method in the orbit 
calculation of the GOCE satellite, that is to say, with the two position vectors and the interval time of the 
satellite, the classical orbital elements will be calculated uniquely. Here go the corresponding thoughts 
and parts of the formulae (Montenbruck, 2000). 
First of all, the orbital plane direction and position could be determined from the two position 
vectors with the formula (assume the first vector a while the other b):  
0 0 0a a a  e r r e r rˈ  (2) 
where  0 b b a a  r r r e e , ar is the first position vector, br  is the second position vector. 
Then, Gaussian vector could be obtained from the next formula, 
0a uW e e  (3) 
where, W is perpendicular to the orbital plane, from which the orbital inclination i as well as the RAAN 
ȍ could be calculated through: 
2 2arctan( )
arctan( )
x y z
x y
i W W W
W W
 
:  
 (4) 
What’s more, the argument of latitude may be determined through: 
 arctan( )a a a y au z x W y W    (5) 
Then, because of the special quality of the Gaussian method, the semi-latus rectum could be 
calculated through the ratio of the sector and triangular areas Ș, which could be obtained through the two 
position vectors. 
0a
E
p r r
GM t
K W
W
 
 '
 (6) 
where, p  is the semi-latus rectum, G is the gravitational constant, EM is the earth mass, t'  is the time 
interval between the two vectors. 
Based on the formula above, we could get the satellite orbital eccentricity and the true anomaly 
through the following equations.  
  0
cos( ) / 1
sin( ) ( cos( ) ( )) /
a a
a a b a b
e f p r
e f e f p r r
 
   r e
 (7) 
where, e  is the eccentricity of the orbit, af  is the true anomaly. 
Then, the semi-major axis could be obtained from semi-latus rectum and the eccentricity: 
 21a p e   (8) 
where a  is the semi-major axis. 
Next, the argument of perigee is obtained from: 
a a aw u f   (9) 
where aw  is the argument of the perigee. 
Finally, the last two elements are calculated from the following two equations: 
 2
sin( )
arctan( 1 sin( ) cos( ) )
a a a
a a a
M E e E
E e f f e
 
  
 (10) 
Till now, the six elements of the GOCE orbit are all obtained. The results of the calculation program 
differ from that of the STK in the level of millimeter. Consequently, the calculation of the results in this 
paper is reliable.  
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2.4 Calculation Formula of the earth’s dynamic ellipticity 
The change trends of the RAAN and argument of perigee are mainly resulted from the earth 
dynamic ellipticity. That is to say, we could determine the value of the dynamic ellipticity through the 
trends. Here is the equation related to the RAAN (LU, 1996): 
  22 2 223 cos 2 1ed dt nJ a i a e:     (11) 
where d dt:  is the least squares slope of RAAN, 2J  is the earth dynamic ellipticity, ea  is the mean 
radius of the earth, n  is the rotation angular rate of the satellite, which could be calculated from the 
following equation: 
3
2n GM a  (12) 
3. Experiments and Analysis 
3.1 Data Generation and Parameter Setting 
As mentioned above, the simulation data was generated based on the parameter settings. We took 
account of all the perturbations the satellite would be affected from. Then, the GOCE orbit data would be 
output as the analysis foundation, on which the classical orbital elements series were calculated based. 
Then, the least squares slope of the RAAN could be obtained, from which the dynamic ellipticity would 
be calculated by(11). When compared with the value provided by IERS 2003, the precision of the result 
was shown. 
The orbital period of the simulation is from 2008-05-01 00:00 to 2008-05-02 00:00, the interval is 
set to 1 second. The force model in STK is HPOP (High-Precision Orbit Propagator) in which 
perturbations were considered. The preliminary orbit is set in Fig. 1. 
Besides, the integral method is RKF 7(8) with Lagrange interpolation method. Then, the simulated 
GOCE orbit data with position and velocity were obtained for the next data processing. 
3.2 Data Processing Procedure and Calculation Result 
1) First, the orbit data smoothness was made based on the wavelet analysis discussed above to get a 
better set of orbit data.  The original and the smoothed orbit data are shown in Fig. 2. However, it shows 
little difference because of the huge magnitude of the data. Then, in order to show the smoothing effect 
apparently, differences of the original and smoothed orbit data are shown in Fig. 3-5 separately indicating 
the three directions. 
2) Based on the smoothed data, orbit calculation was made. From the elements series, the least 
squares slope of RAAN is obtained. The changing trend of the RAAN is shown in Fig. 6. 
3) Then, the dynamic ellipticity was calculated due to the slope of the RAAN from(11): 
0.001075266757125922J    (13) 
4) Compared with the reference value provided by IERS 2003 in which = 0.00108263592J , the 
precision of the result is given in the following. The absolute precision is -7.36914287408010e-06 while 
the correlative precision is 0.68%. 
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4. Conclusions 
The method used in this paper that the calculation of dynamic ellipticity from the long period 
changing of the RAAN of GOCE is reliable with the absolute precision of the result at -
7.36914287408010e-06 and the correlative precision at 0.68%. Compared with the result from SLR, it 
needs future improvement. However, it is a trial experiment for the processing of the GOCE measuring 
data. 
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Fig.1 Parameters setting in STK 
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Fig. 2 Original and smoothed orbit data 
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Fig. 3 Difference of original and smoothed orbit data in X 
axis 
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Fig.4 Difference of original and smoothed orbit data in Y 
axis 
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Fig. 5 Difference of original and smoothed orbit data in Z 
axis 
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Fig. 6 Changing trend of RAAN 
 
